The objective of this research was to characterize the porosity of decolorized activated carbon (DAC) 
ABSTRAK

Tujuan dari penelitian ini adalah untuk mengkarakterisasi porositas decolorized activated carbon (DAC) dan kemampuannya untuk mengadsorpsi β-karoten sebagai studi awal karakterisasi karbon aktif yang akan digunakan sebagai adsorbent β-karoten minyak sawit kasar. Kemampuan DAC dalam mengadsorpsi β-karoten dipelajari menggunakan isopropil alkohol sebagai pelarut pada kondisi keseimbangan. Waktu adsorpsi ditentukan selama 0,5-60 menit, sedangkan konsentrasi DAC optimum untuk adsorpsi β-karoten ditentukan pada konsentrasi 0,5-2,5%. Studi adsorpsi isotermal dilakukan pada konsentrasi β-karoten 100-500 ppm dan suhu 30, 40 and 50 °C pada waktu keseimbangan dan konsentrasi karbon aktif optimum. Hasil penelitian menunjukkan bahwa DAC memiliki luas permukaan 1068,391 m
INTRODUCTION
Crude palm oil (CPO) contains β-Carotene as much as 630-700 ppm [1] . In physical refining, approximately 20% of carotenoids are lost after the bleaching process and up to 98% are lost after deodorization process at temperatures higher than 240 °C [2] . β-Carotene is known as a singlet oxygen quencher [3] [4] [5] , food colorant [6] , pro-vitamin A [7] , and anticancer [8] . Considering the importance of carotenoids in food and health, therefore recovery of carotenoids from CPO prior to physical refining is deemed necessary.
Several methods have been developed to recover carotenoids from CPO. These methods include the saponification method, selective solvent extraction, transesterification followed by molecular distillation and adsorption using a synthetic resin, silica gel and reverse phase C18 silica, adsorption chromatography and membrane technology [9] . β-Carotene adsorption models using carbon coated monolith has been done by Muhammad et al. [10] . β-carotene was dissolved in isopropyl alcohol at 50 °C with maximum β-carotene adsorption capacity of 22.37 mg/g. According to Baharin et al. [11] , isopropyl alcohol (IPA) can dissolve the CPO completely at 50 °C and less able to dissolve β-carotene. Therefore, isopropyl alcohol is suitable solvent for CPO, while the carotenoids were adsorbed onto the adsorbents, including activated carbon.
β-Carotene is a non-polar molecule with a total length of 3.8 nm and a height of ≈ 0.5 nm [12] so that mesoporous activated carbon (2-50 nm in diameter) with an optimum surface area could effectively adsorb β-carotene. Decolorized activated carbon (DAC) from Sigma is one of the adsorbents can be used to decolorize liquids. The DAC characteristics which include the pattern of N 2 adsorption isotherms and Brunauer-Emmet-Teller (BET) surface area had been published [13] . The pattern of N 2 adsorption isotherms indicated that the DAC has a lot of mesopore with a BET surface area of 1068.391 m 2 /g, but mesoporosity and surface functional groups of DAC have not been published. The potency of DAC to adsorb of β-carotene had been studied [13] . The DAC can adsorb β-carotene up to 21.56 mg/g. While equilibrium time and optimum DAC concentration were used to adsorb β-carotene and pattern of adsorption isotherm of β-carotene have not been published.
The aims of this study were to characterize the mesoporosity and surface functional groups of decolorized-activated carbon (DAC) and to determine the pattern of adsorption isotherms of β-carotene at equilibrium.
EXPERIMENTAL SECTION
Materials
β-Carotene and decolorized activated carbon (DAC) were obtained from Sigma-Aldrich; isopropyl alcohol (IPA) and n-hexane from Merck; nitrogen gas (high purity) from Samator Indonesia.
Instrumentation
Quantacrome NovaWin2-NOVA Instrument was used to analyze the porosity of DAC; Scanning Electron Microscopy (SEM) (JEOL JSM-6510LA) was used to evaluate the microstructure of DAC; Fourier Transform infrared spectrometer (FTIR) (Horizon MB 3000) was used to analyze surface functional groups of DAC. An adsorption-desorption batch reactor equipped with a vacuum outlet, N 2 gas inlet and stirring hot plate (Thermo Scientific CimarecTM) was used. A centrifuge (Hettich EBA Zentrifugen 20) was used to separate the filtrate from DAC after adsorption-94 desorption process. The concentration of β-carotene was analyzed by UV-Vis Spectrophotometer (Shimadzu UVmini 1240).
Procedure
Porosity characterization of DAC
Porosity characteristics of DAC were analyzed by N 2 adsorption-desorption at 77.3 K and relative pressure (P/Po) from 0,005 to 0.999 using a surface area analyzer. Textural characteristics of DAC include surface area and total pore volume was determined by Brunauer-Emmet-Teller (BET) method, mesopore size distribution was determined by Barret-Joyner-Halenda (BJH) method.
Estimation of DAC surface functional groups
Surface functional groups of DAC was estimated based on the transmittance spectrum of the organic components produced using a Fourier transform infrared spectrometer/FTIR. The spectra were recorded from 4000 to 500 cm -1 . By comparison to the standard frequency patterns, various characteristic chemical bonds were determined, from which certain surface functional groups could be derived.
Surface physical morphology observation of DAC
The surface physical morphology of the DAC was observed using Scanning Electron Microscopy (SEM)
Determination of equilibrium time of β-carotene adsorption onto the DAC
Equilibrium time of β-carotene adsorption onto the DAC was carried out in a batch adsorption reactor. The adsorption reactor was made from a 125 mL conical flask was equipped a vacuum outlet, N 2 gas inlet, thermometer and stirrer hot plate, referring to Muhammad et al. [10] with modification.
A stock solution of β-carotene (500 mg/L) was prepared by dissolving β-carotene in IPA. Aliquots of 50 mL of β-carotene solution were prepared for adsorption of β-carotene for 0.5, 5, 10, 15, 20, 30, 40 and 60 min. The β-carotene solution for each treatment was put into a 125 mL conical flasks and DAC was added as much as 1%. The adsorption process was performed under a nitrogen atmosphere. The flask was plugged with a rubber stopper and wrapped with aluminum foil to minimize β-carotene degradation by oxygen or light. Batch adsorption was performed on a hot plate and stirring at 150 rpm and 50°C for a specified time to obtain equilibrium time adsorption.
The filtrate was separated from DAC by centrifugation at 3500 rpm for 5 min after adsorption process was completed. β-carotene filtrate content was analyzed using the method from Palm Oil Research Institute of Malaysia (PORIM) [14] . Approximately 1 g of the filtrate was put into a 25 mL flask and diluted using n-hexane. The absorbance of the solution was measured using a spectrophotometer at a wavelength of 446 nm. The content of β-carotene can be calculated by the following formula:
where 25 is the volume used for analysis, 383 is the extinction coefficient for carotenoids, Abs is the absorbance of the sample and W is the sample weight in grams.
Determination of optimum concentration of DAC for adsorption of β-carotene β-Carotene solution prepared for adsorption of β-carotene at concentration of DAC (0.5, 1.0, 1.5, 2.0, and 2.5%) respectively of 50 mL taken from a stock solution of β-carotene (500 mg/L). The optimum concentration of DAC for adsorption of β-carotene was characterized by the amount of β-carotene was adsorbed onto the DAC during equilibrium time is not increasing anymore.
Adsorption isotherms study
β-Carotene were dissolved in isopropyl alcohol to obtain β-carotene concentrations 100, 200, 300, 400 and 500 mg/L. Aliquots of 50 mL from each concentration were put into a 125 mL conical flasks. Decolorized activated carbon was added at optimum concentration, adsorption process carried out during equilibrium time. The adsorption process was performed at temperatures of 30, 40 and 50°C. After equilibrium was reached, the filtrate was separated from DAC and β-carotene content was analyzed.
Adsorption capacity at equilibrium can be calculated by the following formula from Muhammad et al. [10] as follows:
where qe is adsorption capacity at equilibrium phase (mg/g), Co is the initial concentration in the liquid phase (mg/L), Ce is the liquid phase concentration at the equilibrium (mg/L ), V is the volume of liquid (L), and m is the mass of activated carbon (g).
Adsorption isotherms study was conducted using Langmuir and Freundlich models. The Langmuir model according to Wu et al. [24] , can be represented in linear form as:
where b is the Langmuir constant, which is equal to the adsorption capacity [24] or monolayer capacity of adsorbent (mg/g) [10] . The parameter Kb represents the Langmuir adsorption equilibrium constant (L/mg) and Ce is the equilibrium concentration of β-carotene in the liquid phase (mg/L). Constant Kb and b can calculate from the slope and intercept of the straight line by plotting 1/Ce versus 1/qe [10] . Freundlich model assumes that uptake or adsorption of adsorbate occurs on the heterogeneous surface by monolayer adsorption. 
where Kf is Freundlich constant that can be related to the adsorption capacity (L/mg), n is adsorption intensity [24] or heterogeneity factor [9] . Value 1/n is in the range of 0.1-1.0. The adsorption intensity (1/n) and Freundlich constants (Kf) were obtained from slope and intercept of the straight line by plotting of log qe versus log Ce, respectively [10, 24] .
RESULT AND DISCUSSION
Porosity Characteristics of DAC
Porosity characteristics of DAC include the pattern of N 2 adsorption isotherms and surface area of DAC had been published [13] . From the pattern of N 2 adsorption isotherms showed a mix of type I and IV isotherm, characterizing the micro-and mesopores. The formation of hysteresis loops at a relative pressure at higher than 0.4 indicates the essential multilayer adsorption process characterizing the mesoporous structures.
The total pore volume of the DAC reaches up to 0.9523 cc/g [13] . Mesopore size distribution for DAC at 77.3 K is presented in Fig. 1 . Textural analysis from Barret-Joyner-Halenda (BJH) method showed that mesopore radius of DAC is 15.260 Å, mesopore surface 
Surface Physical Morphology of DAC
Scanning Electron Microscopy (SEM) was used to observe the surface physical morphology of the sample. Fig. 2 shows the SEM images of the microstructure of DAC. The SEM image (Fig. 1a and 1b) show that the DAC have a high porosity. Fig. 3 shows the FTIR spectra of DAC to estimated surface functional groups on pore surface of DAC. Surface functional groups of DAC based on FTIR transmittance spectra consists of NH stretch in amine hydrohalide or P-H in phosphine (2360 cm ) [15] .
Surface Functional Groups of DAC
Equilibrium Time of β-Carotene Adsorption onto the DAC
Equilibrium time was determined based on β-carotene adsorbed onto DAC was constant [17] . The concentration of β-carotene in the solid phase (DAC) is presented in Fig. 4a. Fig. 4a shows that β-carotene adsorbed onto the DAC for 0.5 min is slightly, but after 5 min completely adsorbed. Adsorption for 0.5 min causing β-carotene diffused externally, while after 5 min occurred intraparticle diffusion of the adsorbate onto the pores of the adsorbent. Ҫeҫen and Ąktas [18] reported that in adsorption process, there may be a barrier to the mass transfer to the surface of the carbon. This may occur because transport of the adsorbate in solution passed through a layer of liquids or outer layer that surrounds the adsorbent particles. Intraparticle diffusion involves the transfer of adsorbate Adsorption of β-carotene onto DAC at the different DAC concentration from the surface of a particle (such as activated carbon) to get inside the particles.
The high adsorption of β-carotene onto DAC related to the mesoporosity level of the DAC which reaches up to 55.4%. Size distribution of micro-and mesopore DAC influencing of adsorption capacity. The high mesopore degree important to select the activated carbon type in order to adsorb contaminants from the liquid phase [19] [20] . Activated carbon has a specific surface area, surface reactivity was high and porous structure, so it is good as an adsorbent to remove organic components of the wastewater [21] . Mesoporous activated carbon is very important in decolorization technology [20] .
Optimum Concentration of DAC for Adsorption of β-Carotene
The optimum concentration of the DAC for adsorbing β-carotene was reached when the percentage of β-carotene adsorbed onto the DAC was constant. The percentage of β-carotene adsorbed onto the DAC is presented in Fig. 4b . Fig. 4b shows that increasing of DAC concentrations can increase the amount of β-carotene was adsorbed and constant at 1.5%. The concentration of DAC higher than 1.5% is not able to absorb more a lot of β-carotene, this was caused the amount of β-carotene have maximum adsorbed onto the pore surface of DAC. According to Karabulut et al. [22] , the increase of activated carbon dosage provides more surface area for adsorption, but at a certain dosage was slow and subsequently is constant. Sabah et al. [23] reported that dosage of 1% activated sepiolite could adsorb β-carotene more efficient, this caused the active centers of pore the activated carbon most occupied by molecules of β-carotene.
Adsorption Isotherms
Langmuir and Freundlich's models are the most common isotherms used to determine adsorption phenomena. Langmuir model assumes that uptake of adsorbate occurs on a homogeneous surface by monolayer adsorption without any interaction between [24] . Langmuir equation was based on the assumption that maximum adsorption corresponds to a saturated monolayer of solute on specific homogenous sites of the adsorbent surface containing a finite number of identical sites. The energy of adsorption was constant, and there was no transmigration of the adsorbate in the plane of the surface [25] .
Plots of 1/Ce vs.1/qe and log qe vs. log Ce evaluated Langmuir and Freundlich isotherms of DAC were shown in Fig. 5 and 6 , respectively. Langmuir and Freundlich constants and correlation coefficient for adsorption of β-carotene onto DAC were summarized in Table 1 . Table 1 shows the adsorption capacity of Langmuir isotherm at 30°C is higher than at 50°C, but [26] , the value of 1/n<1 indicate that adsorption of dye on adsorbent is reactive and favorable.
Adsorption of β-carotene onto the DAC is shown in Fig. 7 . It shows that β-carotene was adsorbed slowly onto the pores of DAC at 30°C, whereas quickly at 50°C. According to Muhammad et al. [10] , adsorption of β-carotene increased with the increase of the temperature. This result suggested that the intra-particle diffusion rate of adsorbate molecules onto the pores increased with increasing the temperature since diffusion was an endothermic process.
CONCLUSION
The activated carbon prepared from decolorized activated carbon (DAC) had a surface area up to 1068.391 m 2 /g and mesopore volume/total pore volume as much as 55.4%. The DAC had potential as an adsorbent for adsorption of β-carotene. Adsorption of the β-carotene onto DAC was recommended to be performed at 50°C for 30 min.
